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Introduet 

The  present  wor  Le  for  t  ultra - 

r  substances  near  1    ritical  point.  I      nde 

in  t o  j«  of  :    ■  ,    c    - 

lie  In  1  tact  region.  .  ' 

!-   t   only  of  the   critic  1  3-  Lf,   but  of  L on  about  it  is 

_  :    Lly    Lesirable  .ring  u  f  st  tte,    f  r 

tg  of  tftu   forces   be  ,  for  ai 

-ture  of  the  ,     I  ius 

the  pr  large         1  .  Lle<  ta 

for  use   i.x  &Vciluati::.-_   the  cific  .  ,  ^.h 

studii  onic  velocity  .argei  LimJ  .     The 

tit     presented  hea  encour  ging  beyond 

tudy  .   ..    I        d. 

thers,  has  Ion        -  ,  . , 

very    .         theoret '  of  the 

This   Is   due  to  the  fac     th    ;    d!         1 
1     .         wavei         hs   cf  -  ansions,  r- 

lied  f or  _  _  us 

.  .  at 

.Oj  snic  technique,  Lbl 

for  '    c   to  use  vvav    S  is   small      1    t  ..- 

. '    '  for  v> 

corr   ctions.     Likewj        " '        ^  e    .  ta  by 


source  of  sound  1  .  Lai- 

of  t  lesa  troubles©!  cts  with  the  correi.  i    free 

the  apply! ug  c    rrection       t    tn  LI 

sth    ■,  chnique,  -  .  .e  its 

3Uj    rioril    . 

Fcr  •  ..   the  critic.  1  region, 

... 
son  critics!  ran  of  the 

Lfficu.i  e  icoual  th  cri    I  - 

eel  s1        ,  Larg€   effect    Df  small       a 

puriti  -  tions,    for  pie,  of  the  dlffersno 

op]  eel  point  is  &  lu- 

enced  t  LI   :.  .  :jpor- 

ti  n   tc  .      aount  of  f  the  tendenc; 

of  the  fere :  bstance  to  co  one  of  the  pha: 

rarefactions  Ln  fc   low 

ier  so  rapidl  -  not  buc]    ch  nee  for   I        U&purity 

to  redistr!  Itself  between  them,   and  it     ei     ct 

a    3   I  •'        to  It:  c    . 

3     :.,    too,     >j  ...    L  the  velocity  's  given 

2  ./  »£ 


(If  J 


velocity  ...  lirectl  valu 

t* ve  r   ;      -  tnan  t.  jm  at :  erJ  t  i 


It  fol    ,   en,  thai  Tor  equ-,.1  accuracy  in  st  rti     !  ,    .er 

I  cerl    .       ned 

for  tne  case  of  ultr  sonic  ■  ..  tits. 

,  the  "   -   '  .  '  al               .ts 
have  temporarily,          e  bur- 
den is  on       to  cater.  of  th        re- 
the  met ho  . 

A..: 

res  sure    -LO-r'^    '  rometers  were  used.     Oat 

an   '.  ..  .  tb  ,   used  prevl  u    L  ... 

'  -      '    .  recount  a  of 

unen t ,      Ln<        I  e scr  .         sre  ( 1} ,  ( 2 ) . 

.    second  pressur     "  rosaeter,  _,  was 

of  1  .  .  ■  ■  Lii      Jlock  of  b  t 

rolled   steel.     The  top  was  hel  e  .   I   7/8"  bol 

A»S.E.  .     Leak-'  t ween  c  top 

id  by  the  stand  r  cop  ket 

>jectio!      .        the   t     .  Its 

■    i     ,   t       cc_  pei    an  '    «  ■  ' 

•      to 
be  saf (       f  -  !    r  -;  3  C    to 

150°C,       id  could  prob&bl  .  ...  ces 

anger  save  for  an  unfortun  -  c    . 

fortua  •  jvere  the  chamber  at  70C(    - 

re  inch  I    c  i  )u 


Fig.  1.  The  constant  path  acoustic  interferometer  in 
place  within  the  pressure  chamber.  B-  Backing;  C-  quartz 
crystal;  5-  separator;  R-  reflector. 
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B&B.  Peak  structure  in  C02  as  a  function  of  pressure.  Curve  I,  galvanometer  current  vs. 
pressure.  Curve  II,  Vernier  condenser  readings  (arbitrary  scale)  vs.  pressure  to  show  change 
of  phase  while  passing  through  resonance  points. 


.     - 

ncd   in 

3 


holes.  . 

■■    .  ■  t       top,  . 

.'.rop  abo  it  7  Lour. 

L  n  .... 

to  7000     oun  r     Ln< .., 

;cn  cf   I  concl  -  were 

In  the  bloc  lieh  t  i  cut. 

Bie  ...  .  -  .  ids  of  t]  at 

•     j   bar      .  aught . 

T  fortune,  . 

-■   -         r         ■  to  prei     .. 

lbs.     er  squ  . .  . 

roaeter  rtu. 

reflector  rtz  1  3/4"    ' 

i/A"  .  .        tors  were  Lnter<  L    i  '  re  of 

fus<  ■-    ,    L  "    .  7/8"  Inside  ,  Lf- 

fered  ght.     T  LLer  one  3.2499  r's 

b  0.9996"   (exact]  . .    r) .     L, 

ie  extr  ,   a  id  1/8"      .  _  .    .    Into 

llowed  &  q     rtz 

unit.  ie  rods  we:  I  upper  • od 

•  Llow  1  _  >p  of  the  en  ,  L  iut  on 

I 

sepi  £   rce     :  Lone,   sc 

P    ■    '    ■■  rods  c  c  .-.  tge 

of  the       -  : 


;  : 
aegiigibl      f       1  ■ ,  t   crystal     La 

.  cryst  .  plated,        top 

opticall  1 . 
sur  -   "  cant  I         -  - 

co.  :       Ld  thus  be  made  to  a     ... 

otic  ,  1  -  bottom  face  was  us   L  ten- 

tial  ■■  .    to  the  u  of  the  gold  plat 

t Lc  .  This  backi 

that  .   .  •  .     :      e  it  r  .,  it 

rer  to  it  1  tic  q  arter  wave  L 

,      Let ion  I 

st.   '  reby  acoustic  reactic 

eonfu  -  ^ctor, 

u/16"  hoi  -  ■ 

:  .  s  r  outl  I  ;  two  tac ...  ' .         »ed  J 

to  make  electrical  contact  i 

.   .  ,  -  '  en- 

closing 1  .-  glass. 

ie  .eading  into 

a  f  <  t  depress  1(        Lead-ia  pipe. 

screwed  over  the  top  of  the  elec     ,  this  cc      fore       tly 

ainst  tl    Lis,  and  col  .-  ,   o 

co      k  out, 

/ 


J 
less  .  ,  1/4"  outside    aia  .       • 

i/l£ "    "  .  '  . 

tubing  cone  J.  op  oJ  re      ire 

...  .  ,     1 

,   of  ecu.      ,  .     1  "        ttsJL  seal, 

.  Ashcroft-A     r:  >-;..: 
Lch  had  previously  been  1 
accural  -.  t  over  (1).  ^e 

the  lim  , 

so  srr  - '        ...  Losed, 

i  r  but  cj.o  ip- 

i". 

A  ■•  Irive  the  quartz  cr  stal,     Tt 

I    _ .  lant  *»C  circuit 

r    :  f  electrt  -  >r« 

T.it.   c  irr  r   son*  .r-  L  vac- 

.    ^croj^  a    t   oe     A L  J 

.-r.     The.  frequencj   of  jiiiatoi  .... 

Local  brc      cast  ste 

cycl  fre- 

accurac    .     T.      .-•<.  Lved  on  ...  -  g  set 

-    1  rertoa  c  or.     T  i 

-  iea  i  atched   to  2  beat  »  ...  -   - 


fork.     Twc  e    fes  wei-e  obi    i.  ed,   one  for 

-  Ltor  frequenc      .'    .  'on  carriei  an 

axour.t  e       1  to  i        fr>   [uenc  i    ,    I    -    athe  re- 

:  trie  c    .  .  .it.  r.a 

reading  of  til  eill    toi  iser  bet 

ch  wou  ct  eorrt  (     ro 

t)    ot'  -  -  ,  re  iueno  the 

oscillator  at  e  ch  setting  wa  roughly  by  o 

r.     Tnis  alio         on«  I  f  s- 

ci tor    is  1  ,  8  frequency  of  the    set+ 

couid  thue  be  determined  .  accuracy  far    iur  ccu- 

of  o  i  (      ,    .  ft)  whic  '  ito  the 

. 
The  interferometer  duriag  use  was  Kept  at  a  t 

aostat  f  11  th  transformer  oil,     "  .. 

15"  l   "    .-.  :  ipe  in  th<      jttom 

to   .  1  ral  of  oil  •  rable,        :  was 

sun  c   a         :  .     -i  sides  exce  bop   by    i    1      -inc  .   - 

wool,      -      etal  l :  -  LI  in  the   bath  well  stirred, 

BO  that  at  the  t<  i  -   nowhere  dei  '.he- 

.  c<     .-                        t  •  *■  c  -r  "n9 

:.      [eat  was  sup  -'                aver  _  electric  lig  ilbs  \ 

'    ;^  the  oil.     iu     ei    ■    LI       How       ths  cirt    lati  ol    cool 

water  f             .-   tap;   or  by  means  of            all  c<                  I  .    ice  *i   ter 

ecu.;         f«     1    rough  the  coils.     1  •                    r            ■  :    Lly 


i 


-  rcury  th< 

la tor  - -y  to  turn  of;    or  on  1  ... 

r      ilatio  -  - ;         Lancj        the 

[lici 
; old  water i  tiorj  ic  s        b  )  d 

oath  re.     A  50     theraao 

uated   i..  0.1°         Ch     llo  s    bo  C»C1  to  de- 

res,  i  ck  .°C 

..etc  L-..  ireau  i  .  .     :■       and 

was  d  leas  tn&a  ,0!  .  Liows,  ti 

correc         .  rded, 

en  frequer  "  -   ,   i  .      T  .tor 
..  the  bath  ir  off  by       re      ,   i  +   ,05     the 

con<  L1  corrected  sufficient  lie         for   the  e 

.    ■  [  equ  libri  .....  ,  c 

3trict  ta-  are  control  g&s 

i     at  the  critical  .  .  li  t- 

effort   .  ..-.-.  .   as 

Le.  .  . '  .        rert   take  .. 

o 

o  :        ...■  u  '  Iry" 

,    .  .  .    .  |  .i.e 

,  except  that  t.  .  o  nd  c 

lown  off  ii  .11  i  tested  for 


water  vaj  .  Lc    :.  i         -  - 

a  1  . 

perenlor  .  fou 

to  &  -  -    - . 

■    s  of  ti      co     erclal  Ma  .    '  , 

re  ix  -  .  -    i 

ought,  the   rity  c  ' 
than  the  -.    purities  would   b 

■  ,  tteapl  of 

a  folic       :         Lene  eyiiad  1 

cri.c  :ed  ic«     salt,  an    ...         -        .  -     .  The 

•:•  •  •..         tied  and  1  r  until 

or  so  of  :  cloa       "he 

.ier  of  :       •  ted,  - 

.j.-.         •     a- 

LOW  .    :     -       :  roliOW- 

I  .  .1  was   C 

dee,:  .   o  ort         -  the  pressure  chamber 

3 
int  .     Aftei    a  suJ  ,        c i    ted 

t>y  > 

i  sdie     ■  -  -  ,  and  er- 

In  this  ,  to  15(  r  Bquare 

(the  limit  of  t  i 
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Screw     Settimc; 


Appearance  oi  ••  ?ea*  at  il  ati  »ing 

icture      itroduced  by  overL  "       cw     ses. 

el«  n  an  ■     -l-  •     Jse 

of  voided  • ie» 


.- 


The   theory  of  the  acoustic   Lnte  t  .- 

.  ■    (3) ,   so    t  .  to 

■ rief  st  ... '  :curs  ■  u- 

•  .es   of 

tne  zi     stal,   tne   crysl       underj  *..       fre    leocy 

1  L         electric    I  .1  p      tal ,  in   er- 

listortlon,  Lo,      (       the  co.;vl.  ct      -      ffect) 

charges  en  its  face      :  a  ca     :..  .<,   jo 

regard    .         a   source  of   back    jlectro- 
'  -   ee,  emf »  li- 

on, whic      '      usually  very     a    Ll«      I  -    sver,    1.    tha 
fre       at     of  trie  drlvi  .tor  cc '  8 a  witb  -  L  frequency 

artx  cr   at  -,    I         .._  Litucle  lucre  -         to  tigh 

lues  and  the  back  s_  c  force  incr  .   .     I  .e  cur- 

t  circuit  ^ro   s   to  &  low  val      ,        Lch  .own 

i   crevasse.     The  depth  of  t;  Is  crevas  e   ch    .  ,e:  .r  the  ampli- 

tude of  the  cryi  r  tie  damping    .  crystal, 

1    --■  crevasse.     (Analogous  stat-_     ..  ,       al 

.   Is  snsalierj    z-,   t.  curre    I     ..   the  resonant   driving    c   rcuil 

-  vaj      ), 

Consider  new  _  .  il«  j   to   t  rystal  and   terai- 

nat        ay  a  so]  .  -  ..     If  the  distance  .   the  crystal 

and  reflector  b<  '  rai  nus     er  of  half   wavelen    ths,    b    .  . 

«rav«        :  _~  be  formed         -  oun  Lt1  -         froo  the  source 

and  that  refl  bc '  the  Lector.       T         .  c  ...    ..  ,ds 


11 


;i"ig  tc  f —  ..A  "■-..  crevasse  bott  jaio. 


.     of  trs      "  . .  c  fluid 

1  -,    ih«      for     the  bottom  of 

the  L       c  'A'tre  the  dj  c  vor- 

standii  - 

If  the  reflector  be  sov  ckward  or  forward  t.   .    lc 

of  re  LI  the-  crev  ottom  will 

'  I  the  reflector  reiki  e  crys  t    I 

cor. 

-   '  '  tfau  larply  to  a 

-     - :  if  tl  fleeter  corr  If  wave- 

tion,  .         . .  I  c .-■..--.-' .      the  re- 

' "    1 )    '  -       .  .  frequ 

can         calculated,  Ls  Is  the  bas^s 

tor-)1  ric  re- 

;          '  const*               .  Inte  fere     I         a  y  be 
folio*    : 

Luid  col 

i  •:  s  .                  that  i                                  - 

'  .     fluid    .        LI    «    ,  .                  clear 

that  as  the  pi  ,  the  stan 

,  L        .  •' s 2  the  re  onant  circuit               t  will 

drop.  tuali 
t 


12 


'...'  I  and  r  ,  s 

rise  j  at 
standi  v  re  coropl  restored.  -  i         ,res 

.  ■.  -  cur j  of  soi  L(  il- 

■  -  , 

the  number  of  Lttirig  into  the  s<    :tc  to 

ce 

•mine  1  r  of  h&j.i'  wav     ,    '  - 

tc  >>  ,e  Vftlcc'  ty  of 

i  allow        r  •  -  .t. 

The  -  count '    \ 

of  reaction  .-.  "r  "  i  :   to 

it  '  ,   since 

^s  o;  d:  .  .^f 

ve.     Tt  ted,   since  the  i  ' 

to  -  t 

□ed    '  no  ted  by 

■   •  .        Lch  the    refe:      ee  veloci  i,  provided  1 

•    '  at  grossly   In  error,      k  simple  : 

that  ,        -  ion  fro 

ta  were  tc  6<,(  s  1  ce.     Sue 

*'    Lef  for  a  react!  .    - 

of  half  .  ber  wca_  ?  ,0  an 

:    ct  Lon,   aserl  '     -  , 

:Jro  jj     .     8y  srocedun  .  Hi  ba  is  aato- 

ticall  uut . 


110 

3Z0 

280 

c 

Z40 

zoo 

1 1 

o 
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Lty  of  sound   i-    carbon  dioxidt        .  ure 

?;it:. 
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It  was  ton  -  -                     La  bo                      I      ound- 

■xry   Losses  of  ...       ...Dry 

...   :  .'  .'.'..-     ,.J               that,             rei  Lec- 

ound   .'    ,  change 

,     Tills  rea  uta 

ctive  'the  acoustic  Lnterferoi  .-    r 

' ot   oducc         si  curacy  la  t       vel       -                 Lnation, 

At                              ■  .      .      '  •'        two  diffe                                      ; 

however   '               resent  .:,   1        1     i  e  r    .                         LI                  red 

to  other  source;;  of  error  that  f                    regarded. 

) 

Aft'   '  tp  to  the  desired  pr   are 

irr  cl  temper)  tur  ,  9       ...  ir     1- 

oscillator  was  tin..    ,        [ual  len  th  of  -_i.e  allowed  fcr 

'.  S   - :     '      run,        •  ti.e  -. - 
".  i   •'  .:.  ,  or  both,  the  frequency  of  th« 

oscillator,  The  frequencies  obtained  frc    y  to  c  11  fell  within 

P      eies  of  o     ther        renl 

ier  .  .  3, 

When  ever  ,     selllatoj      t  on  a  cre- 

•   .  the  resonant  circuil  ' 

to  tsake  this  crevasse  b  -  j  :   eat 


u 


sometimes  futile,     LiJ       Laj        .  "         Late 

at  three  settings  near  the  cr  *  ^,  ..at 

.     -  .      .  iff i  cient  to 

•  Length   . '.  ,00002  cm  ( 

part  tn  3C  ~)  -  -    . 

;.  good,  d  ue  to  matters  Bd  _^ter. 

ced  to  ai  other  de  .  :    I ,    ■ '        •  11  for  the  re- 

lishmenl  libriu  ■  •  i  ie, 

jet  of     Lston  i        :    gs  t  ice    . 

b)  With  .  Interfere 

The  pressure  was   brou  .... 

before .  L table  t  as  found, 

for  symmetry.  How*      ;-.'  .owly, 

ultanec  •  t  condense  e  ver- 

ier of  the  (  tor,  1  Leal 

Liowed,  readj  :en  of 

c  irr<  nt    In  t  (as  f   .  .  , 

of   the   .  rcssur;.,    .....'  or  cot.:  >r.  ka 

.  .  cult  current   :  pressur 

standlnj    a  v  *  ed. 

To  creas- 

,  recourse  c  a  t 

plot  ,  ci        ■      •  now  in 

he    velocil  :      a   ci 

Lo<  . .!-  deer  (i,    .   the 

nui..  lnci       ling  resi  ur«    Lnc    »aa     } . 


If 


the  '.  with 

I  -  " 
of  .  very  small  fre   >c 

tax.     If  t  te<  ucixaa 

QC  • 

velocity  1  ,  Lil 

One  of  the  first  rk  pro- 

,  Lor  —  of  •  rtss 

» 
i  _  ,  _  ,    ijRount- 

Ln &  to  about  eye  1  -  >     <     .cur- 

rent     Lth  tl  '  ;      '  • 

Ll<    ,      .  '  »     This  hi 

■    '  V.:LA 

still  a    a  bad  f 
ssor  -         ;s),  except  tha 


. :.    one  of  \  "  ■ .  '  r  . . 

Its  B63S  .  .-" 

ove :  ■ o  ;  or 

ling  that,  using  a  age,  an 
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VeXocil  Ln  ethyl  tmoi 

of  .  Btwit 
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f 
ted , 

.■a 
re s sure s  ( 1-10  ate.  r 

to 

In  the  hi  ■;■     ,   the  crevas 

L    '        ,       .      '  eter  gives  th     _ 

typi  i  I  (6#7) .  i  a 

lant  cur:  c  •  ctor  se' 

(  ■ j — -\  \  j    the  c  Lector  i 

■    .  ice  of  i  '  on 

.  , 

[  . 

'  e .      Th .  - .  I  ,    tvl- 

.   .    b-j  fo'..  reiiabL  beet  c  ... 

one  of  re- 

:       s  ;-  ost  co. 

Iu  and  ethyl  i  as  1 

roiic  -vol  ..  .  _  - 

tables,  .  '    . 

Lecule  Lon  of 

ch  i 
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this  Investigation, 

-    ,    ! 
.      7 
colli  - 

Li br iuni  c 

. :  ■ 
:  -  -  cient 

c      . 

■-  «  :. 

'     -  -  »  C( 

'  .  A 'lib] 

ill 
f   '  .  '  ■      ,  . 

ti    of  .  r*  there 

:  1  transition  io    .  -    v  ice-1  ty 

i 
:    .  ,  soliis j 

,  L  bt  de<  . 

ffre  • •        ♦  -      .  -  - ->a- 

.  ail< 

1 

.....  '  ion 


2  20 


o 

<^> 

LU 
in 

v~> 
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LU 

t— 

LU 

YL 


>- 
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Fit 


4  rge  scale   plot  of     velocity  of  sound 

C     p-like   £~r^.  of 
minima 


I 


■    -'  ■•    .•  , 

Locity-  , 

■       :.    -  ■".  s  furnj  .-ice 

r  the  c  use   oJ  ,  Eolecul 

rui ■ 

Fur  t  ratios  cj 

(2)  velocit       .  -  a<  (    ■ .        . 

few  - ' c. 

vexoc '  are 

,  to  f  uore 

re  of  ■-..  '.  lib  ...  ... 

sca^.  .  i  .  er 

ires,  look  -  . ,  ....  there  i  atinuj 

lo     . 

.   3^°  velocity-  -  .      T 
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